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Abstract
Background/Aims: Renal transplant recipients (RTRs) are at high risk for cardiovascular (CVD) 
mortality. Recently, nonalcoholic fatty liver disease (NAFLD) has been recognized as a new 
risk factor for adverse CVD events in the general population. We examined whether transient 
elastography (TE) defined NAFLD was associated with atherosclerosis in RTRs, as measured by 
ultrasound in the carotid arteries. Methods: Carotid atherosclerosis was assesses in 71 RTRs 
with a TE proven NAFLD. With the help of TE liver stiffness was used to assess liver fibrosis and 
Controlled Attenuation Parameter (CAP) was used to detect and quantify liver steatosis. NAFLD 
was defined by the presence of steatosis with CAP values ≥238 dB.m-1. Results: RTRs with 
NAFLD showed more carotid atherosclerosis than RTRs without NAFLD. RTRs-NAFLD patients 
had the mean intima-media measurements (ITM) of 1.1±0.1 mm and that was statistically 
significant higher than the mean ITM founded in RTRs without NAFLD (1.1±0.1 vs. 0.9±0.1 mm; 
p<0.0001). Furthermore, RTRs-NAFLD patients had statistically significant higher prevalence 
of plaques in comparison with RTRs without NAFLD (p=0.021). Conclusion: We showed for 
the first time that carotid atherosclerosis is advanced in RTRs with NAFLD. Detection of NAFLD 
by TE should alert to the existence of an increased cardiovascular risk in RTRs.
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IntroductionDespite all improvements in transplant medicine, renal transplant recipients (RTRs) have a high risk for cardiovascular mortality. A high prevalence of cardiovascular complications in RTR is explained by cardiovascular risk factors present before transplantation, in addition to the development of new risk factors as well as  worsening of preexisting risk factors after transplantation [1].Nonalcoholic fatty liver disease (NAFLD) is a highly prevalent condition characterized by macrovesicular steatosis of the liver that occurs in people who do not consume large amounts of alcohol. Insulin resistence (IR) plays an important role in the pathogenesis of NAFLD and is closely linked to metabolic syndrome (MS) and its manifestation: obesity, diabetes mellitus type 2, dyslipidemia, and hypertension. In recent years, NAFLD has been considered to be the liver manifestation of MS. The current importance of NAFLD and its link to MS has encouraged an interest in its possible role in the development of atherosclerosis [2-4].  Recent data supports the hypothesis that NAFLD itself might contribute to a higher risk of CVD independent of other prognostic risk factors. So, the development of NAFLD and 
fibrosis identifies an at-risk group with increased risk of cardiovascular and liver-related deaths [2-6]. In recent years, the possible link between NAFLD and chronic kidney disease (CKD) has also attracted research interest [7, 8].Although today there is no clear recommendation whether liver biopsy is necessary to 
confirm the diagnosis of NAFLD, it still represents the current gold standard for evaluating 
fibrosis, steatosis and other histological lesions in a liver biopsy.  But it has some limitations, 
such as its invasive nature, and it is prone to significant sampling error. Namely, the average size of a biopsy is 15 mm in length, which represents only 1/50,000 the size of the liver 
parenchyma. Moreover, repetition of a liver biopsy to monitor changes in steatosis is difficult. Therefore, in recent years some non–invasive radiographic techniques have been intensively investigated in assessment of hepatic steatosis, such as computed tomography and proton-
magnetic resonance spectroscopy (H-MRS). But the use of these methods is limited by, in some cases, high cost, restricted availability, operator dependence and poor sensitivity. Also, 
these methods cannot simultaneously assess liver fibrosis and steatosis. On the other hand, the sensitivity of the ultrasonography for detection of hepatic steatosis is between 93% and 100% if the fat content in hepatic parenchyma is > 33%. It is a relatively subjective method and is therefore prone to sampling error. To overcome these limitations, a novel technology called transient elastography (TE) (Fibroscan®) has been developed. 
It has been shown promising results in the assessment of liver fibrosis. Specifically, 
TE has been incorporated into the international guidelines for chronic hepatitis B and/or C. Moreover, recent studies showed that a novel physical parameter, called the Controlled 
Attenuation Parameter (CAP), evaluated with TE could efficiently separate steatosis grades. 
According to the literature, a cut-off value of 238 dB/m has sensitivity of 90% and specificity of 81% to detect low-grade steatosis (< 10%). It is based on the properties of ultrasonic signals acquired by the Fibroscan® machine. This procedure allows simultaneous measurement of liver stiffness and CAP in the same liver volume. TE measures liver volume that is at least 100 times larger than a biopsy sample. It is fast, painless, easily obtained and more cost-effective than a liver biopsy [9-11]. The components of MS are highly present after kidney transplantation, mainly due to use of immunosuppressive therapy. Considering the fact that those disorders are strongly associated with NAFLD development in general population, we believe that RTRs will have higher incidence of NAFLD than general population [1]. Recently, we have evaluated frequency of NAFLD in RTRs [12]. To this end we used TE (Fibroscan®-CAP). In this cross-section analysis we have found that NAFLD was present in 57.5% of RTRs. Consequently the presence of NAFLD in RTRs could be a strong predictor of CVD risk. 
Therefore, we aimed to investigate whether there is a significant association between 
the presences of TE defined NAFLD in RTRs and increased CVD risk in RTRs. To this end, we 
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Materials and MethodsSeventhly-six renal transplant recipients with a functioning graft for more than 1 year who came for regular nephrology controls were enrolled in this cross-sectional study. The exclusion criteria were: chronic 
hepatitis B and/or C virus infection, excessive alcohol abuse, presence of other autoimmune or cholestatic liver disease, drug induced liver disorders, clinical and laboratory signs of impaired synthetic and metabolic liver function and technical reasons (failed TE). Considering the above, 71 patients were enrolled in the study. 
Overweight was defined as a BMI of at least 25 kg/m2, diabetes as fasting glucose ≥ 7.1 mmol/L or 
drug treatment, while dyslipidemia was defined by triglycerides ≥ 1.7 mmol/L or drug treatment and/or HDL < 1 mmol/L in men and < 1.29 in women or drug treatment. Arterial hypertension was considered if 
the patients had blood pressure ≥ 130/80 mmHg or by the use of antihypertensive drugs. 
Transient elastography was performed in all patients. Liver stiffness was used to assess liver fibrosis and Controlled Attenuation Parameter (CAP) to detect and quantify liver steatosis by using TE (Fibroscan®, 
Echosense, Paris, France). The cut-off value for defining liver steatosis was CAP ≥238 dB.m-1 and cut-off 
value for defining the presence of fibrosis was liver stiffness of >7 kPa. The diagnosis of NAFLD was defined 
according to TE findings with the presence of steatosis (CAP ≥238 dB.m-1), with or without any stage of 
fibrosis (which was defined with the presence of liver stiffness > 7 kPa) and exclusion of other secondary causes of chronic liver disease [9, 11]. At the same time a carotid ultrasound with a 9-MHz multifrequency transducer was performed in all patients to investigate the association of NAFLD with carotid intima-media thickness (ITM) and plaque as surrogate measures of increased CVD risk. The present analysis used the average of 10 electronic calipers ITM measurements from the far wall of the distal 10 mm of left and right 
common carotid arteries at a site free from any discrete plaque. A plaque was defined as a focal thickening 
of ≥1.2 mm. These results were correlated with the presence of NAFLD. 
Statistical AnalysisStatistical analysis of data was performed by using descriptive statistics. Categorical variables were tested by chi-square test or Fisher's exact test. Difference of two independent groups was performed 
using t-test or ANOVA. The Pearson or Sperman correlation coefficient was used to express correlations 
between variables. Variables that were found significantly predicting carotid atherosclerosis on univariate 
analysis were entered into multivariate analysis.  P-value <0.05 was considered to be statistically significant. Statistical analysis was made by using MedCalc statistical software package, version 10 (MedCalc, 
Mariakerke, Belgium).  
ResultsThe average age of the 71 (39 male and 32 female) enrolled RTRs was 55.7±11.4 
years. Thirty-eight of them (53.5%) had CAP > 238 dB.m-1 and had NAFLD by definition. 
Thirteen patients (18.3%) with CAP≥238 dBm-1 had liver stiffness of more than 7 kPa. 
Demographic characteristics of the remaining 71 patients stratified by NAFLD status are 
shown in Table 1. There was no statistically significant difference between the RTRs with or without NAFLD related to age, gender, etiology of ESRD or due to duration of RRT prior to transplantation and time since transplantation. Diabetes mellitus (p=0.017) and arterial hypertension (p=0.02) were more frequently observed in RTRs with NAFLD, while there was 
no significant differences due to dyslipidemia between two subgroups of RTRs. RTRs-NAFLD 
had statistically significant higher values of BMI in comparison to RTRs without NAFLD (p=0.02).We were interested to explore whether NAFLD in RTRs is associated with advanced atherosclerosis. We have founded that RTRs with NAFLD showed more carotid atherosclerosis 
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than RTRs without NAFLD. Namely, RTRs-NAFLD patients had the mean ITM of 1.1±0.1 
mm and that was statistically significant higher than the mean ITM measurements founded in RTRs without NAFLD (1.1±0.1 vs. 0.9±0.1 mm; p<0.0001) (Table 2; Figure 1). Furthermore, RTRs-NAFLD patients had 
statistically significant higher prevalence of plaques in comparison with RTRs without NAFLD (60.5% vs. 30.3%; p=0.021) (Table 2; Figure 2.).In the next step we investigated the association among CAP and ITM measure-
ments. There was a highly significant, positi-ve, correlation between CAP and ITM measu-rements (r=0.674; p<0.0001 (Figure 3).Various baseline demographic and cli-nical variables were analyses as possible 
predictors of carotid atherosclerosis. On univariate analysis, presence of NAFLD 
Table 1. Demographic characteristic of the analyzed patients
Table 2. Carotid ITM and plaque in RTRs with NAFLD versus RTRs wi-thout NAFLD 
Fig. 1. Graph of carotid ITM in RTRs with NAFLD and RTRs without NAFLD.
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variables were entered into multivariate analysis, only NAFLD was factor that contributes to plaque occurrence (p=0.0010) as well as to higher ITM values (p=0.0007). 
DiscussionTransplant recipients have a high rate of cardiovascular deaths in comparison to general population.  This is mainly a consequence of an exacerbation of traditional risk factors caused by immunosuppressive drugs.  An increased risk of CVD in RTRs cannot be fully explained only by traditional risk factors. In recent years, a number of non-traditional risk factors such as reduced kidney function following transplantation, rejection, elevated levels of lipoprotein (a), elevated C-reactive protein (CRP) and interleukin-6 (IL-6) levels and 
proteinuria have been identified [12-15]. Search for new causes of CVD in RTRs has attracted further research.
On the other hand, due to underlying metabolic disorders mentioned above, NAFLD patients are expected to have a higher risk of CVD, even without MS. According to literature, there is a strong association between liver histology in NAFLD patients and greater carotid ITM 
and plaque and lower endothelial flow-mediated vasodilatation (as a marker of subclinical atherosclerosis). Francanzani et al [16] showed that steatosis is highly associated to ITM and 
Fig. 3. The correla-tion between CAP values and carotid ITM. 
Fig. 2. Graph of carotid plaques (in percen-tage) in RTRs with NAFLD and RTRs without NAFLD; p=0.021.
RTRs-NAFLD vs. 
RTRs without NAFLD
(p<0.0001), DM (p<0.0001), dysli-pidemia (p<0.0001) and longer RRT treatment before transplantation (p<0.0001) were found to be signi-
ficantly associated with higher ITM, 
while higher BMI (p<0.0001), presen-ce of NAFLD (p<0.0001) and dyslipi-demia (p=0.001), longer RRT before transplantation (p<0.0001) and male gender (p<0.0001) were found to be 
significantly associated with plaque 
occurrence. When these significant 
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studies confirm the hypothesis that NAFLD-patients have a higher risk of suffering from CVD 
[16-21]. To our knowledge, this is the first study that has been investigated the association 
among TE defined NAFLD and carotid atherosclerosis in RTRs. Our results showed that RTRs with NAFLD showed more carotid atherosclerosis than RTRs without NAFLD. In our study, carotid ITM was noticeably higher in RTRs with NAFLD than in RTRs without NAFLD. Also, the prevalence of plaques was higher in RTRs with NAFLD in comparison with RTRs without 
NAFLD. Finally, we have founded highly significant, positive, correlation between CAP and 
ITM measurements. These findings suggest that NAFLD could be associated with increased CVD risk in RTRs.  The results of the present study are in accordance with recent studies that were investigated the association of NAFLD with the risk of CVD [15-20]. However, to prove this contention, larger numbers of RTRs with and without NAFLD need to be studied for carotid atherosclerosis or other cardiovascular risk markers. A probable explanation for the marked proatherogenic effect of NAFLD is sub-chronic 
liver inflammation in NAFLD/NASH patients that leads and contributes to dyslipidemia, 
inflammation, enhanced oxidative stress and endothelial dysfunction. Namely, the liver 
is the central organ for the production of various classical biomarkers of inflammation and endothelial dysfunction, the secretion of which partly depends on factors that are up regulated in the presence of insulin resistance and the metabolic syndrome. Today, there is growing evidence suggesting that in patients with NAFLD/NASH there is an increased 
production and release of various proinflammatory cytokines. These include increased reactive oxygen species, TNF-alpha, TGF-beta, plasminogen activator inhibitor-1, C-reactive protein (CRP), IL-6 and etc produced by hepatocytes and non-parenhimal-cells, including Kupffer cells and hepatic sttelate cells. Another potential mechanism by which NAFLD may increase CVD risk is abnormal lipoprotein metabolism. Therefore, enhanced oxidative stress, 
inflammation with release of inflammatory cytokines and abnormal lipoprotein metabolism could account for the proatherogenic effect of NAFLD [5, 13, 22-24].
Our study has some limitations such as its cross-sectional design and relatively small number of patients. Furthermore, the diagnosis of NAFLD was based on the exclusion of 
known etiologic factors of liver disease and on TE findings (Fibroscan®-CAP), but was 
not confirmed by liver biopsy for ethical reasons. However, TE is more and more used in 
everyday clinical practice as an alternative method to liver biopsy. But, on the other hand it 
has several strengths; it shows, for the first time those RTRs with NAFLD show an advanced carotid atherosclerosis.  
ConclusionAccordnig to our results, NAFLD should be considered and investigated as a new important risk factor for increased CVD risk in renal transplant recipients. Further studies 
are needed to investigate and to confirm these observations. Nonalcoholic fatty liver disease is a feature of the MS and it‘s detection by TE should alert to the existence of an increased 
cardiovascular risk in RTRs. The screening of these patients for NAFLD can be beneficial for the use of TE (CAP) as a screening method which is non-invasive, quick method and may be 
repeated. Despite all limitations in our study, data showed a significant association between NAFLD as a risk factor for CVD.
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